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Unité de recherche INRIA Rhône-Alpes
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m<m i j}mxw bm(cptz `b¢qbfJp {l4¢sby4{mxovl)by4za£ ovc'mxw by±¢qb]y4{¢s{y+zto A|bl)bikj/b]y« ¬9£ m<m(ikj)m(w(bz{,cpHz `b¢sbf<
T ¢qovi4|b]mxovl/b1m< bn7j)l}m(i{y)¢sm(j/osp i U±b]y/j2Jby}{l}{l)bi{m i j)b(u{c'mxovy2itb"np i{nbl}itb"¡Htb1¢vm¦ztbH to `bcb1z4|b]n	ovc'mx¢sb
z{by+bl}l)b{l}y«
t4i,np i{n¢s{y)osp iau{itpk{yJp t p i{yl)bj)bitovl¡Htbª¢qb1cptz `b¢sb1 T ztovmxw p i{m(¢>m< bn7j)l}m(i{y)¢vmxj/osp isU$¯Âpk{l}itoqj
ib	 {n	b¢q¢sbikjl)m(j/osp¡kmx¢soqjt|b ¦np c't¢sb	 tosjt|b «{g ¢V¯°m tjªm!p {j/bl©{m l)m c `bj)l)byy}{{{¢	|b]cbikj)m(osl)byuztpki j
nbl)j)m(osi{y7itb'y/pki j7{m(yy/osw i{oHJnmxj)o ¯°yy)l7ztbbj/osj/b]y7ovc'mxw byuJJp {l7p tj)bitovlztbcboq¢s¢qb]{l}y7lt|by}t¢sj)m(j)y« iJbtjfz{p i{n'l)bj/b]itovl1n	b¦cpHz `b¢sb¦Tnp c'cb |bj}mx¢sp iauabjªn(£ b]y/j1¢vto9z{p ikj1itp {y1i{p {y"y)bl)Hosl)p iy7m 
m(l}mxw l}m( _ b   «
~ m l7l}m({Jp l)j `m,n	bjL|bj)m(¢qpkiauJ¢sb'cptz `b¢sb{lt|bnp itovyt|b"{m(l Cosi{¢sm<§ty)p iLm {{m(l}m<® qjJp i¨uOj}m(ikjª¡k{b¢sby
ovc'mxw by+itb"y)p ikj{m(y+j}l/pk,zto A|bl)bikj/b]y«
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¢vmªz4|bw$|b]i±|bl)by}n	b]i{n	b±ztby@cptz `b¢qb]y«O7p {y9m<(p iyi{p(jt|b(uxz{m i{y¢qb]y@{l)bco `bl)byb	 {4|bl)oqb]i{n	b]yu¡Htbj/pk{y$¢sby
m(l}m(c `bj}l/b]y@b]y/j)osc |b]y±Jp {l4j)p {y+¢sby+cptz `b¢sby4y)p ikj4y)osw itoHJnm(j/oq¯°y `mnm({y)bz{b¢vmw l}m(i{ztb¡H{m(ikj/osjt|bztb
z{p i{i4|bbyy}{l¢sby}¡k{b¢vyoq¢vy@y)p ikjby)j/ovc.|by« A tby/b{m y)y)b	rNj!rNoq¢{¡H{m i{z¢qb2itpkcf{l)bztb2ztpki{i4|bbyztovcoviHtb)B
 m(i{ynbj)j/bb	 {4|b]l/osbi{nb(uHitp y4m< p i{y4n	pki{y)osz4|blt|b¢qb]y+ztbH ,osc'mxw by±b	 tj)l®b]cb]y±z{b¢vmyt|b]¡Htbi{nb7ztb
¢vm HJw {l)bL©bjitpk{ym<(p iy"b	 tj}l)m(oqjfz{bTnbyztbH  ovc'mxw(b]yfztb]yy)p y!rNosc'm(w(byfztb,j}mxos¢q¢sb,nl/p osy}y}m(ikj/b «
~ pk{l4n _ m(¡Htbª{mxovl)bztbªy)p {y/rFovc'mxw byukitpk{y+m<(pki{y9b]y/j)osc |b¢sbªcptz `b¢qb]{m(l4¢vmc |bj _ ptztb G  0= ~ =Ou{{{osy2i{p {ym< p i{y4j/b]y/jt|bª¢sm'y)oqwkitoHJnm(j/osp iTztby{m l)m c `bj}l/b]y9b]y/j)osc |b]y«
 m(i{y¢sb4j)m({¢qb]m(y)tosm(ikjuitpk{yosiztos¡Htpki{yuxpk{ln _ m(¡Htb±j)mxos¢s¢qbztby)p {y/rFovc'mxw b(u¢sby$m(l}m(c `bj}l/b]y
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 m(i{ynbylt|by}t¢sj)m(j)yu os¢¨itb¯°m(tj2m(y+i4|bw(¢soqw bl±¢qb¯°mxosj¡Htb1itp {y+ia£ m<(pki{y4j)l}m<mxos¢q¢	|b¡Ha£ m<(b]n7ztb]H 
ovc'mxw by9m(l)j/ovnt¢so `bl)by 8 ¢vmfnp c'Jp y)oqj)oqpki¦ztb7nby±osc'mxw byu(b]i{m(l)j/ovn{¢qosbl9¢sm"lt|b]y/b]i{n	b2lt|b]pki{z4|b]l)m ikj/b
z¨£ {i{b"ztby+j}l/p osynp t¢sb{l}yJbtjb t{¢qov¡Htbl+¢vm¦ztovy)y)§tc.|bj)l)osb7pk{y/b]l/±|bbb]i j}l/bª¢sby{m l)m c `bj}l/b]y±l)b¢vmxj)o ¯°y
m H ,ztos(b]l)y+nm(i{m H a«
¬¥bflt|by}t¢qj}mxj¡Hto¥m {{m l)m<® qj4¢sbft¢v{yn¢sm(osl)bcbikjb]y/j¡Htbf¢qb]y2{m(l}m(c `bj)l)by+ztovmxw p i{m H ©bj7n	bt #ztb
j}l)m i{y)¢sm(j/osp i©y)p ikj+tosbiTt¢sy2y/osw i{oHJnmxj)o ¯°y+¡Htbª¢qb]y{m(l}m(c `bj)l)by±itp iTztovmxw(pki{m(t >«H¬¥bnmx¢vnt¢ab tm n	j+bj
Jbl)j/ovitb]i jza£ {iPcptz `b¢qb"¢sovi±|bm(osl)bfia£ by)j7z{p i{npky)y)os{¢qb¡k{bf¢sp l}y)¡Htb"¢F£ p iLztovy}pky/bztbj}l `bywkl)m i{ztby
ovc'mxw by«  m(iy7¢sb¦nm y7p `L¢F£ pki nmx¢vnt¢sb'ztbyªovik<m l/ovm(ikj}yuObjªp `P¢¤£ p iitb¦y£ ovikjt|b]l/b]y)y)bf¡Ha£ `m,ztb¦Jbj)oqj)by
l{|bw(osp i{y"z{b©¢F£ ovc'mxw(b T n	¯!«$¢qbT{m(l}mxwkl)m  _ b   U uoq¢+ia£ by)jztpki{n©m(yi±|bnby}y)m(osl)bza£ tj/os¢sosy)bl'{iYcptz `b¢sb
¢sovi±|bm(osl)b(«
t4i¦n	b¡HtoOn	p in	bl}itb2¢sby±{m(l}m(c `bj)l)byztb2j}l)m i{y)¢sm(j/osp iau(nbH Hr n	oOm({{m l)m(osy}y)bikj$y/osw itoHJnmxj/oq¯°y9cT®b]cb
Jp l±ztbªJbj/osj/b]y+y/pk{y!rNovcm(w(b]y« G b¢vmfm!pktj/b{itbªlt|by)bl)(b2y}{{t¢	|bcb]i j}mxovl/b7{m(l4l)m {Jp l)j9m(,cptz `b¢sb
lt|b]n	pkitosy{|bm(l Cosi{¢sm<§ty)p iau{¡Hto¨ia£ m({m(l}m]® sj+ztp i{n±/{y)j/oH|b1¡Htb"Jp {lz{b1j)l `by+Jbj/osj/b]yovcm(w(b]y«
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¬¥bªm(l}mxw l}m( _ b2{lt|bn>|bztb]ikj|bj}mxosj4np i{y}m(nlt|bb `m¢¤£!|bj}{ztbªztby+cptz `b¢qb]y4l/b]i{m(ikj9b]i,np c'tj)b7¢sb1nm(y
p `#¢sm,y/pk{l}n	bfztbf¢s{co `bl)bfn _ m itw(b]mxosjza£ osikj)bi{y)oqjt|b"pkLztbnp t¢sbl« F7iLm tj)l)bfn _ m itw(b]cb]ikjpky)y)ovt¢qb
b]y/j+n	b¢s{o¨ztb7¢vmpky/osj/osp i©bjztbª¢¤£ p l)osbikj)m(j/osp iztbªn	bj/j)bªy)p l)nb7ztbª¢v{co `b]l/b uk¡Htbªitpk{y+m<(p iy±m {b¢	|b
n _ m(itw bcbikj4b	 tj/b]l)itb «  i,Jbtj2y)p(osj+y){pky/b]l4¡Htb1y)bt¢sby+¢vmpky/osj/osp i,bj+¢F£ pkl/osbikj)m(j/osp i,n _ m(itw bikju
pk,¡Htb"nb1n _ m(itw bcbikj+by)jn	pk{t¢	|b `miTn _ m(itw bcbikj+za£ ovikj/b]i{y/osjt|bpk#ztb1n	p {¢qb]{l«
 m(i{y±¢sbnm y9z{¦n _ m itw(b]cbikj@ovi j)bl}itb(uCosit¢vm<§ty/pki'tj/os¢qovy)b¢sbcpHz `b¢sb2ztovmxw(pki{mx¢&8 n _ m ¡k{bn	pkcJpxr
y}m(ikj)b Hu >uªz{Py)oqwki{mx¢¥by)jovi{z4|b]b]i{z{m ccb]i jcft¢sj/ovt¢so	|bbf{m l{iL¯°m(nj/bl«sF7iL{o  tb¢ T $BU+b]y/j
j}l)m i{y/¯Âp l}c.|b4b]i T ' $     U« ~ pk{l$j)l)p {(bl@¢qbcptz `b¢sbztbj}l)m i{y/¯Âp l}cm(j/osp ibikj}l/bnby±ztbH ¦ovc'mxw(b]yu
os¢Jy}HG¦j9ztpki{nztb2j}l/pkt(b]l${i'n	pHb<Gnoqb]i j±cft¢sj/ovt¢sosnmxj/oq¯¨pk{l9n _ m(niz{by$j}l/p osy@nm(i{m H ztb]y@ovc'mxw(b]y«
 m(i{y'¢sbnm yz¨£ {i z4|b]t¢vm(n	b]cbikjz{bT¢vmy/pk{l)nb(uos¢2y){pky/b¡Htbn _ m(¡Htb#toq tb¢+by)j¦cft¢sj/ovt¢so	|b
m(lª{i ¯°m(nj/bl« !osi{y)oFu¨{ito  tb¢ T $  U2b]y/jªj}l)m i{y!¯Âpkl)c |bbi  T $BU«a¬¥b¯°m n	j)b{l1ct¢qj)os{¢qovnm(j/oq¯
z4|bJbi{z­z{bL¢smYpky/osj/osp i²bj©ztb ¢¤£ p l)oqb]ikj)mxj)oqpki²ztbP¢vm.y)p {l}n	bLztb ¢sco `b]l/bL{m l©l}m({Jp l)jm(t ²ztb]H 
Jp y)osj/osp i{y4y)nn	b]y)y)os(by±ztb7nbj)j/bªy/pk{l)nb2bj `mfnb¢s¢qb]y±z{b¢vmnm(c.|bl}m{u(bj9m l/osb7ztpki{nz{btoq tb¢Obi,to  tb¢¤«
¬¥b"cptz `b¢sbztb1j}l)m i{y/¯Âp l}cm(j/osp i¦b]ikj)l)b¢sbyz{bH Tosc'mxw by4by)j2ztpki{nªn	p c'Jp yt|b(uHz{m i{yn	b"nm(yuHz¨£ {i
npHb<Gn	osbikjcft¢sj/ovt¢sosnmxj)o ¯@Jp {ln _ m ¡Htb1to  tb¢¨ztb1¢¤£ ovcm(w(b «




g ¢H§"mz{bH ª¯°m  np i{yza£ b	 {t¢sp(osj/b]lV¢sbycptz `b¢sby¥{lt|by)bikjt|by `m¢sm7y/b]n	j/osp if{lt|bn>|bztb]i j)b(«@=Hp(osj¥pki"nm(¢snt¢qb
z{by@ztb]y)nl/ovtj)b{l}y$ztby9osc'm(w(by$¡HtoOy/pkikjovikm(l)osm i j}y$m(H j)l}m(i{y/¯Âp l}c'mxj)oqpki{y$tj/os¢sosyt|bb]y$pk{l$¢sbcptz `b¢sb(u
n(£ b]y/jn	b+¡HtoHby)jV¯°m(oqj$z{m i{y¥¢smy/b]n	j)oqpkify}toqm i j)b(uy)p(osjVp iitp l}c'mx¢sosy)b9¢sbyovc'mxw(b]y« G bj)j/bitpkl)c'mx¢sovy)m(j/osp i
np i{y)ovy/j)b `mTj}l)m i{y!¯Âpkl)cb]ln _ m(¡Htb'osc'm(w(b¦ztb¦j/b¢q¢sby)p l)j/b¦¡Htb¦¢qb¦lt|by}t¢sj)m(jªz{b'nbj)j/bj}l)m i{y!¯Âpkl)c'm(j/osp i
y)p(osj+osiz±|bJbiz{m(ikjztby{m(l}m(c `bj)l)by9zTcptz `b¢qb |bj){z{o	|b «
!7{b¢qpki{yovc'mxw(b]y+y/ovcoq¢vmxovl/b]y4j/p {j/by+¢sby+ovc'mxw by+¡Hto¨b]t(b]ikj+y)b1z4|b]z{tovl/b¢¤£ {itb1ztbª¢F£ m tj)l)b1{m(l
icpHz `b¢sb2ztbj}l)m i{y/¯Âp l}cm(j/osp ij/b¢O¡Htb7n	bt  |bj){z{o	|b]y9{l{|b]n>|b]ztbc'cbikj« Fitbj)b¢s¢qbl/b¢sm(j/osp i'ztb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¢vm(l)osjt|b7bikj)l)bª¢qb]y+osc'mxw by+b]y/j{itb1l)b¢vmxj)oqpki,za£/|b]¡k{oqmx¢sbin	bbikj)l)b7ovc'mxw by« G mx¢vnt¢sbl+{itb"z{by}nl)ostj)b{l
ovikm(l)osm i j2Jp l{itbosc'm(w(bfl)bHosbikj `mnmx¢vnt¢sbl7{iztby}nl)ovtj/b]{litpkiL{m l2pk{ln	bj)j/bosc'mxw b(uc'm(osy
Jp l2¢vmn	¢vm(y}y/bza£!|b¡Htos<m(¢qb]i{n	b"z{bn	bj/j)bfovcm(w(b «,=kon	bfz{by}nl)ostj)b{l7b]tjf®bj)l)bfnmx¢vnt¢	|b"ztb"¢vm©cT®b]cb
c'm ito `bl)b±Jp {lj)p tj)by¢sbyovcm(w(b]yu<bj$m l/osb4z¨£ {i{b2n	¢vm(y}y/b `m¢F£ m(tj}l/b uoq¢Jbl}cbj$ztbl)bj)l)p {(bl `mª¡Htb¢s¢qb
n¢sm y)y)bªm({{m l/j)oqb]ikj+itb1osc'm(w(b(«
 m(i{yn	b4nm z{l/b uitpkl)c'm(¢qovy/b]lV{i{b9ovcm(w(b9np i{y)ovy/j)b `mn _ p(ovy/ovl¨{itb4ovcm(w(b9m(l)j/ovnt¢so `bl)b@z{m(i{y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